In today's postantimicrobial era,[@bib1] antibiotic resistance has emerged into a threatening trend of reversing our decades' progress of therapeutic success.[@bib2] Antibiotics resistance causes substantially increased infectious disease morbidity and mortality, as well as huge burden of cumulative socioeconomic costs.[@bib3], [@bib4] With the alarming emergence of bacteria multiresistant to potent antibiotics,[@bib5], [@bib6] the search for new antibiotics has become an issue of urgency.[@bib7] At the same time, there is a pressing need to identify the causes of antibiotics resistance and to devise effective interventions accordingly.[@bib8], [@bib9]

The causes of antibiotic resistance are multifactorial, representing a complex interplay among physician practices, patient behavior, and environmental factors.[@bib5] Along with the frequent emergence of resistant microbial strains in the tertiary care setting, such resistant strains are also increasingly found in the community.[@bib10], [@bib11], [@bib12] Larson has emphasized the importance of addressing the community's role in the development of antibiotics resistance including behavioral, environmental, and policy factors.[@bib13] Although previous studies have attempted to understand the dynamics of physicians stewardship[@bib9], [@bib14] and infection control in the hospital setting,[@bib15] research studies that addressed patients' behavioral factors in the community have been scarce. In particular, it remained unclear as to what determines nonadherence behavior among patients who are prescribed antibiotics in the community setting. Unnecessarily long course of antibiotics (overuse) and nonindicated use of antibiotics (eg, for uncomplicated viral infections) are known to be important contributors to the development of bacterial resistance.[@bib13], [@bib16], [@bib17] Although without substantive evidence and requires further proof, nonadherence to prescribed antibiotics may potentially also play an important role. Thus, understanding the determinants of patient adherence could have profound implications for formulating effective public health interventions and policy making. We hypothesize that general knowledge of the appropriate use of antibiotics is important for patients in the community to ensure adherence to antibiotic prescriptions and that lack of this knowledge could negatively impact on adherence.

Hong Kong has prevalence of resistant microbial strains consistently ranked amongst the highest worldwide[@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27] and increasing numbers of potent antibiotics reported to be ineffective.[@bib6], [@bib24], [@bib27] We performed a cross-sectional study in this setting of highly prevalent antibiotics resistance to investigate the prevalence of antibiotics nonadherence and to assess the association between general knowledge of antibiotics and adherence.

Materials and methods {#sec1}
=====================

Study design and subjects {#sec1.1}
-------------------------

Participants were recruited from 5 randomly selected geographical areas in Hong Kong. Twenty eligible urban areas were determined a priori based on a maximum deviation of \<10% from the census data in Hong Kong (2001) in terms of age groups, gender, and education levels. From these 20 areas, 5 were selected randomly with the constraint that at least 1 area from each of the 4 administrative districts of Hong Kong Island had to be included.

Pedestrians in these study areas were invited to complete a structured questionnaire. Interviews at the 5 study areas were simultaneously conducted over 4 consecutive weeks. A random sampling method was used for recruitment: every fifth pedestrian encountered by the interviewers exiting a zebra crosswalk was recruited. If the person refused to participate or did not meet the inclusion criteria, the immediate next person so encountered was recruited. The interviewers were trained to ask the questions in a standard format with a fixed order. Inclusion criteria were as follows: (1) aged 18 years or above; (2) able to speak Cantonese; (3) aware of the term "antibiotics"; and (4) previously prescribed antibiotics by a medical professional. All study participants gave an oral informed consent. The study was carried out in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the University of Hong Kong.

Assessment of demographics and antibiotics knowledge and adherence {#sec1.2}
------------------------------------------------------------------

A structured short questionnaire consisting of 11 items was used to assess demographic characteristics, antibiotic usage behavior, and knowledge. "Adherence" is defined as "the extent to which a person's behavior corresponds to medical authoritative demand."[@bib28] We defined adherence as (1) completing the most recent course of antibiotics prescribed in its entirety; (2) taking the antibiotics according to the physicians' instructions. We assessed subjects' general knowledge of antibiotics by asking 3 related questions ([Table 1](#tbl1){ref-type="table"} ): 1. "Do you think it is essential to finish the whole course of antibiotics prescription?" 2. "What is/are the potential consequence(s) of not finishing the whole course of antibiotics?" 3. "Are antibiotics equivalent to anti-inflammatory agents?" Each correctly answered question was scored as 1, and wrong answers were scored as 0. A 4-point scale (0 to 3) was generated by summing the scores.Table 1Antibiotics usage behavior and knowledgeNo. (%)Antibiotics usage behavior Having been prescribed antibiotics in the past 2 years210 (57) Completed entire course of antibiotics in most recent prescription276 (76) Took antibiotics on time according to physicians' instructions305 (84)Antibiotics nonadherence126 (33)  Assessment of antibiotics knowledge (Correct answer in bold)Answered correctly1. Do you think it is essential to finish the whole course of antibiotics prescription? (Answers: **Yes**/No/Don't know)320 (87)2. What is/are the potential consequence(s) of not finishing the whole course of antibiotics? (Answers: Nil/**Emergence of resistance strains**/Don't know)195 (53)3. Are antibiotics equivalent to anti-inflammatory agent? (Answers: Yes/**No**/Don't know)52 (14)Antibiotics knowledge score 3107 (29) 2121 (33) 199 (27) 042 (11)

Statistical analysis {#sec1.3}
--------------------

Student *t* test and analysis of variance were used for comparison of antibiotics knowledge score in adherent versus nonadherent participants. The χ^2^ was used for comparisons of categorical variables. We used multivariable logistic regression to examine the adjusted association of antibiotics knowledge score with adherence. The maximum antibiotics knowledge score of 3 with abundant cases was used as the reference group for comparison. Based on multivariable regression model of 4 predictors (age, gender, education, and antibiotics knowledge score) and assuming type I error \<.05, a sample size of 312 is required to detect a small effect size of 0.05 with power of 90%. Statistical significance was defined at the level of *P* value \< .05.

Results {#sec2}
=======

A total of 465 people was interviewed. Of them, 96.3% had heard of the term "antibiotics," whereas 80.6% recalled having been prescribed antibiotics at least once before the interview. The 96 individuals who had never heard of the term "antibiotics" and/or had never been prescribed antibiotics were excluded from the analysis.

The demographic characteristics of the 369 included participants are shown in [Table 2](#tbl2){ref-type="table"} . Most 57.1% (210) of the participants had been prescribed antibiotics in the 2 years before the interview. Of these, 75.8% (276) had completed the entire course of their most recent antibiotic prescription, and 83.6% (305) had taken the antibiotics on time according to physicians' instructions. Of the 83 participants who did not complete the course of antibiotics, 66.3% deemed it unnecessary to complete the course, 15.7% stopped the course because of adverse effects, and 7.2% reported no clear instructions from their physicians on the need for completion. Thus, 67.1% (243) met the criteria for adherence ([Table 1](#tbl1){ref-type="table"}).Table 2Demographic characteristics of study participants: N = 369CharacteristicsNo. (%)Age, yr 18--2850 (14) 29--3970 (19) 40--50126 (34) 51--6065 (18) 60 or above55 (15)Sex Female200 (54)Education level Up to primary school47 (13) Forms 1-5165 (45) Forms 6-746 (13) Tertiary education104 (28)

The antibiotics knowledge score had a normal distribution, with a score of 2 most frequent (33%). Less than 30% answered all 3 questions correctly. [Figure 1](#fig1){ref-type="fig"} shows that nonadherence was associated with lower antibiotics knowledge scores with a clear dose response (*P* for trend \< .001). Nonadherent participants had a lower mean antibiotics knowledge score (mean, 1.3; standard deviation \[SD\], 1.0; compared with mean, 2.0; SD, 0.9, *P \<* .001). People with a score ≤1 accounted for most (58%) of the nonadherence, and this relationship persisted across all education levels ([Fig 2](#fig2){ref-type="fig"} , primary school: *P* = .037; forms 1 to 5: *P* \< .001; advanced levels and tertiary: *P* = .001). Test of interaction was negative between education and antibiotics knowledge score (*P* \> .05). After adjusting for age, gender, and education, lower antibiotics knowledge scores of 2, 1, and 0 remained independently predictive of increased risk of nonadherence by 1-fold (odds ratio \[OR\], 2.00; 95% confidence interval \[CI\]: 1.01-3.94; *P* = .047), 4-fold (OR, 4.77; 95% CI: 2.30-9.92; *P* \< .001), and 17-fold (OR, 18.41; 95% CI: 6.92-48.97; *P* \< .001) respectively, as compared with the maximum score of 3 ([Table 3](#tbl3){ref-type="table"} ).Fig 1Percentage of subjects with antibiotics nonadherence in relation to antibiotics knowledge score. Score = 0: 69% (27/39); score = 1: 42% (42/99); score = 2: 26% (32/121); score = 3: 17% (18/107). *P* value for χ test \< .001.Fig 2Mean antibiotics knowledge score in patients demonstrating adherence versus nonadherence across different education levels. Primary school: 1.3 ± 0.9 versus 0.7 ± 0.7, respectively, *P* = .037; form 5-6: 1.9 ± 0.8 versus 1.1 ± 0.9, respectively, *P* \< .001; advanced levels and tertiary: 2.4 ± 0.7 versus 1.8 ± 1.0, respectively, *P* = .001. Overall mean antibiotics knowledge score across different education levels: 1.1 ± 0.9 (primary school) versus 1.6 ± 0.9 (form 5-6) versus 2.2 ± 0.8 (advanced levels and tertiary). All comparisons, *P* ≤ .001; overall trend, *P* \< .001. All comparisons by *t* test.Table 3Multivariable logistic regression: Predictor for antibiotics nonadherenceOdds ratio (95% CI)*P* valueAge, yr 18--28Reference-- 29--390.73 (0.31-1.69).46 40--500.41 (0.19-0.92).03 51--600.49 (0.20-1.19).11 60 or above0.57 (0.21-1.54).57Sex MaleReference-- Female0.93 (0.56-1.52).76Education level Up to primary schoolReference-- Forms 1-51.77 (0.76-4.11).18Advanced levels or tertiary2.18 (0.85-5.55).10Antibiotics knowledge score 3Reference-- 22.00 (1.01-3.94).047 14.77 (2.30-9.92)\<.001 018.41 (6.92-48.97)\<.001

Although a significant positive relationship was observed between subjects' education level and antibiotics knowledge score (*P* \< .001), there was no significant difference between the prevalence of nonadherence across different background education levels (*P* \> .05).

Discussion {#sec3}
==========

To our knowledge, this is the first study to investigate the determinants of community antibiotics nonadherence in a location with endemic of antibiotics resistance. More than 30% of participants reported nonadherence to a complete course of prescribed antibiotics in the community setting. Lack of knowledge about antibiotics was associated with nonadherence.

In a metropolitan setting such as Hong Kong where agriculture and animal husbandry are uncommon, behavioral patterns of physicians and the community are the major factors governing the dynamics of antibiotics resistance. First, in this densely populated area, high rates of antibiotic usage and selection pressure[@bib11] contribute to rapid development of resistant microbial strains. Furthermore, the public sector's dominance[@bib29], [@bib30] in primary health care reduces continuity of physician care in general. Doctor shopping[@bib31] is common, and the patient's bargaining power for self-perceived treatment needs is high. Physicians may feel pressured by the patient's expectation of an antibiotic prescription even in the absence of clinical indications,[@bib32] although that could be an overestimation of the patients' expectations.[@bib33] However, in a competitive, mixed medical ecology, physicians may be driven to respond to patient's wishes and to be overly cautious to avoid potential medico-legal consequences in an atmosphere of protective medicine.[@bib34] The challenge and the need for appropriate physician stewardship has been recognized.[@bib35] On the other hand, several participants reported lack of clear instructions from their physicians as the reason why they did not complete the course of antibiotics. Limited consultation time is often a constraint for physicians in practice,[@bib36] hindering clear explanations for each prescription. Measures to foster communications between physicians and patients and to reconcile their expectations could be useful.

Given the lack of previous data on the behavioral dynamics of antibiotics use in the community, this study adds by providing evidence that lack of antibiotics knowledge is associated with nonadherence. There was a linear dose-response relation between antibiotics knowledge and nonadherence, which did not vary with educational level. The differential impact of antibiotics knowledge and background education level on nonadherence suggests that traditional school education have failed to adequately equip the community to demonstrate proper behavior in antibiotics usage. Antibiotic overuse and misuse (and possibly that of nonadherence, which should be confirmed in further studies) are important contributors to the development of bacterial resistance.[@bib13], [@bib16], [@bib17] Targeted and multilevel community education in the appropriate use of antibiotics could be a valuable public health intervention in our combat against the ever-increasing threat of antibiotics resistance. To generate a real impact, it is equally critical that physicians should take the initiative to actively educate their individual patients about the importance of adherence to prescribed antibiotic therapy. Clearly defined, culturally relevant educational interventions targeted at both clinicians and the community can result in significantly improved knowledge regarding antibiotics resistance and indications,[@bib37] and a holistic, multilevel ecologic approach targeting the whole community should be emphasized.[@bib13]

Of note, Hong Kong has been threatened by infectious diseases in recent years, including severe acute respiratory syndrome,[@bib38] bird flu,[@bib39] and H1N1 pandemic.[@bib40] The heightened awareness for personal hygiene and infection prevention strategies[@bib41] are likely to be beneficial for preventing further antibiotic resistance and could serve as a platform to promote structural as well as personal solutions. However, the related lower threshold of antibiotics prescription in anticipation of potentially severe infections and infection control practices may produce an undesirable counteracting effect.[@bib42] The recent experience from European countries such as Norway[@bib43] has shown that antibiotic resistance can be halted, and potentially reversed, with comprehensive, appropriate legislative measures restricting antibiotics use, which are appropriately implemented and enforced. The need for active surveillance systems of antibiotics use and enforced legislative measures in metropolitans such as Hong Kong needs to be critically reviewed.

There are several limitations in this study. First, we did not include people, albeit a minority, who did not recognize the term "antibiotics." Some of these could have been prescribed antibiotics, but their behavior was not assessed. This should lead to a more conservative estimate of effect size observed. Second, we cannot exclude misclassification error at the initial recruitment based on their prior knowledge of the term "antibiotics." To reduce this potential misclassification, we also included prior experience of physician-prescribed antibiotics as another inclusion criterion. There may be recall error regarding previous antibiotic prescriptions, but any such effect is likely to equally distribute in the sample. Furthermore, if there is a bias because of prompting, it is likely to affect predominantly subjects with poorer knowledge in antibiotics, which would be expected to drive the results towards null, as opposed to the observed results in this study. Third, because the study was conducted in a rather challenging setting (nearby the zebra cross), we had to strike a balance between the depth of inquiry and the need to minimize the interview duration for each subject, so as to ease administration and enhance the response rate. For this reason, we could not inquire further into other important areas including knowledge of treatment failure as an important possible outcome of nonadherence and the (in)appropriateness of using antibiotics for viral infections/ influenza. Finally, this study was conducted in a location with high antibiotic resistance and may not apply to developing countries or suburban areas. Finally, this is a cross-sectional study, and, thus, causality cannot be confirmed. Nevertheless, given the nature of parameters studied---nonadherence and antibiotics knowledge---reverse causality is unlikely. Future large prospective interventional studies would be of great interest.

Conclusion {#sec4}
==========

In an urban location with a high prevalence of antibiotic resistance, more than 30% of participants in the community were nonadherent to course of antibiotics. Lack of knowledge about antibiotics was associated with nonadherence behavior, independent of education. This suggests that multilevel, culturally relevant public education on the proper use of antibiotics to promote adherence should be a major target of public health interventions against the development of antibiotics resistance.
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